Purpose: The objective was to determine the acceptability and preliminary construct validity for a high-fidelity synthetic renal pelvis/ureter tissue analogue model for use as a simulation model for training of laparoscopic pyeloplasty. Materials and Methods: The pyeloplasty model was designed with incorporated assessment lines for use in post-task Black Light Assessment of Surgical Technique (BLAST)Ô. Practicing urologists participating in the 2011 and 2012 American Urological Association Mentored Renal Laparoscopy courses performed a simulated laparoscopic pyeloplasty procedure and completed a post-task evaluation of the model. Results: Practicing urologists found the model acceptable and rated the model favorably in terms of content and face validity. Urologists who had performed a laparoscopic pyeloplasty procedure in the last 5 years outperformed those who had not by demonstrating increased patency (P < 0.05), decreased twisting (P < 0.05), and decreased leakage (P < 0.10) at the anastomosis. Conclusions: The BLASTÔ pyeloplasty model demonstrated evidence of acceptability and content, face, and construct validity for training practicing urologists to perform laparoscopic pyeloplasty.
Introduction

E
stablished curricula using physical simulation models for training and assessment have been designed and validated for basic level laparoscopic skills. The Fundamentals of Laparoscopic Surgery (FLS TM ) has been validated for assessment of basic laparoscopic skills 1 and is a prerequisite for general surgery residents taking the American Board of Surgery qualifying examination. 2 The Basic Laparoscopic Urologic Surgery (BLUS ª ) skills curriculum was developed and validated as a method to train and assess basic laparoscopic skills that are valuable specifically for urologic surgeons. 3 There also is a need for the development of low-cost, highfidelity physical tissue analogue simulators for training and assessment of advanced laparoscopic skills. The American Urological Association (AUA) Laparoscopic, Robotic, and New Surgical Technology (LRNST) Committee has identified five procedures for which development of simulator models is desired. These include laparoscopic pyeloplasty, Y-V plasty, vesicourethral anastomosis, and control of aortic and inferior vena caval injury. The laparoscopic dismembered pyeloplasty procedure requires advanced laparoscopic skills including excision of the ureteropelvic junction obstruction (UPJO), spatulation of the renal pelvis and proximal ureter, and intracorporeal suturing of the anastomosis. 4 These skills are technically demanding and difficult for the inexperienced surgeon to perform. 5 In addition, the LRNST committee required that the tissue analogue models have inherent means of objective assessment of surgical skill. Other simulator models for training of laparoscopic pyeloplasty with various levels of fidelity have been presented previously in the literature. [6] [7] [8] [9] [10] The Simulation PeriOperative Resource for Training and Learning (SimPortal) at the University of Minnesota has designed a disposable, low-cost, high-fidelity, physical renal pelvis/ureter tissue analogue model to address one of the five procedures identified by the AUA LRNST committee. The model was developed and built, used as part of the 2011 and 2012 AUA Mentored Renal Laparoscopy courses, and evaluated for acceptability and certain aspects of validity. Although acceptability does not contribute to validity, it is an important aspect of establishing opinions on the likelihood of simulator use among a cohort of experts. 11 In addition, data were gathered to assess preliminary evidence of face, content, construct, and discriminate validity as defined by Gallagher and associates.
Materials and Methods
Pyeloplasty simulator model
The pyeloplasty simulator model ( Fig. 1 ) was created using organosilicate-based materials and cast using a patientspecific, anatomically accurate, three-dimensional printed mold with postprinting modifications at the UPJO to allow for demolding. Material formulations were determined based on referencing mechanical properties data of urologic tissues from the University of Minnesota Property Human Tissue Database and subjective feedback from practicing urologic surgeons on tissue analogue material interaction with suture and laparoscopic instruments. Minor modifications to the material formulation were made following the 2011 course at the request of the course director.
The renal pelvis is approximately 6 cm between superior and inferior surfaces and 3 cm between anterior and posterior surfaces. The UPJO has an outer diameter of 0.5 cm and internal diameter of 0.2 cm. The ureter is approximately 18 cm from ureteropelvic junction (UPJ) to distal end and has an outer diameter of 0.8 cm and an inner diameter of 0.6 cm. The production cost including materials and labor is approximately $55 per model. Ultraviolet (UV) light sensitive assessment lines were incorporated into the base material for use in Black Light Assessment of Surgical Technique (BLAST TM ). The assessment lines are not visible under room (Fig. 1a,b) or endoscopic (Fig. 1c) lighting conditions. After completion of the exercise, an evaluator places the model under UV lighting conditions (wavelength of 340-380 nm) so that the assessment lines can be visualized (Fig. 2) . Four colored lines (yellow, red, blue, and green) were incorporated into the synthetic material along the renal pelvis, UPJ, and ureter and spaced 90 degrees apart. A holder was created for the 2012 course to secure the model within a laparoscopic training box or on another surface (Fig. 3a) and to position the model at a 45-degree angle in relation to the endoscope and laparoscopic instruments (Fig. 3b) . The holder has a length of 25.5 cm, width of 10 cm at the base, and height of 10 cm.
AUA study
This study was approved by the Institutional Review Board through the University of Minnesota. Participants in the study were practicing clinical urologists participating in the 2011 and 2012 AUA Mentored Renal Laparoscopy courses. Participants gave informed consent before participation in the study, filled out a demographics form, and used the simulator model to complete the laparoscopic pyeloplasty procedure. Participants in the 2012 course were given a post-task questionnaire to evaluate acceptability, content validity, and face validity of the model using a five-point Likert scale.
Performance metrics and analysis
Performance metrics were collected post-task. Course directors determined that patency, leakage, and twisting at the anastomosis were clinically relevant outcomes that should be included as performance metrics. Patency at the anastomosis is an essential component of defining a successful pyeloplasty procedure 13 and aids in prevention of secondary UPJO. Leakage at the anastomosis may lead to complications including urinoma, ascites, and stricture formation.
14 Presence of twisting at the anastomosis may lead to future obstruction at the UPJ. 15 Time to completion of the pyeloplasty procedure was not collected by request of the course directors to not pressure course participants.
Patency, leakage, flow rate, and volume remaining in renal pelvis were determined by positioning the pyeloplasty model vertically and adding 12 mL of water to the lateral aspect of the renal pelvis at a constant rate over 3 seconds. Patency was defined as the volume of water that exited the renal pelvis, passed through the anastomosis, and successfully exited the distal ureter. Leakage was defined as the amount of water that exited at the anastomosis. The minimum and maximum values were 0 mL and 12 mL, respectively, for both patency and leakage. Flow rate was defined as the total volume of water that exited the renal pelvis (patency plus leakage) divided by the time needed for the renal pelvis to empty. The minimum time was 3 seconds, and the maximum time was defined as when the water stopped moving out of the renal pelvis.
Models that had complete obstruction were excluded from statistical analysis of the flow rate metric because of having a theoretically infinite emptying time. The remaining volume in the renal pelvis was defined as the volume in the renal pelvis after water stopped flowing out of the renal pelvis. A needle and syringe were used to draw out and measure the remaining volume. The minimum remaining volume was 0 mL and the maximum volume was 12 mL. An additional test for patency was performed by attempting to pass a 7F catheter retrograde across the anastomosis.
Twist angle at the anastomosis (Fig. 2) was measured using BLAST. Each colored line was compared across the anastomosis, and each model was given a score from 0 to 4 quantifying the number of lines that were matched across the anastomosis within a 10-degree rotation left or right. Comparisons between experience levels among the practicing urologists were completed using Mann-Whitney U and (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree).
chi-square tests with significance level of P < 0.05 and potential trend indicated with P < 0.10.
Results
Demographics
There were a total of 31 participants in the study with 19 participating in the 2011 course and 12 participating in the 2012 course. Subject ages ranged from 36 to 66 with an average of 49 years (standard deviation = 8.7). All participants were attending practicing clinical urologists. There were 30 male participants and 1 female participant; 72% of participants had previously heard of FLS.
Acceptability, content validity, and face validity
Study participants were given post-task questions related to the acceptability, content validity, and face validity of the pyeloplasty simulation model. Averages scores and standard deviations are shown in Figure 4 . All participants answered ''yes'' when asked if laparoscopic/endoscopic simulation should be a part of residency training.
Construct validity
The construct tested was whether previous experience performing laparoscopic, open, or robotic pyeloplasty procedures predicted performance on the simulator (Table 1) . Using a Mann-Whitney U test, among the practicing clinical urologist participants, those who had experience in performing a laparoscopic pyeloplasty procedure in the last 5 years outperformed those who had not in terms of increased patency (P < 0.05), decreased twisting (P < 0.05), and decreased leakage (P < 0.10) at the anastomosis. There was no significant difference in performance between the two groups for volume remaining in renal pelvis or flow rate. There was no significant difference in performance between those who had performed an open pyeloplasty procedure in the past 5 years compared with those who had not. Likewise, there was no significant difference in performance between those who had performed a robotic pyeloplasty procedure in the past 5 years compared with those who had not.
Using a chi-square test, there was no significant difference in performance for whether it was possible to pass a 7F catheter through the anastomosis between those who had or had not performed a laparoscopic (P = 0.639), open (P = 0.139), or robotic (P = 0.267) pyeloplasty in the last 5 years.
Discussion
The development of novel technologies to effectively train urologic surgeons is essential to the field of endourology, and this study indicates that the pyeloplasty simulation model was found to have value and be accepted by a cohort of practicing urologic surgeons. The positive ratings of content and face validity demonstrate the success of this model in allowing for reproduction of appropriate skills needed for laparoscopic pyeloplasty and for behaving similarly to human tissue as shown in Figure 4 . The aspects of face validity have lower ratings compared with the acceptability and content validity scores. This model, however, allows for training and assessment of appropriate Number of open pyeloplasty procedures in last 5 years content used in the pyeloplasty procedure with evidence from high content validity scores. Therefore, we conclude that although aspects of face validity were rated less favorably, participants felt the accuracy was adequate to properly execute the procedure. The results related to preliminary construct validity were also encouraging, because we were able to distinguish between experience levels in laparoscopic pyeloplasty using the BLAST technique. We found that there was no significant difference between experience levels for the flow rate metric, and in light of the analysis being complex, suggest not including this metric in future analysis. This metric included water that left the renal pelvis via leakage or patency and therefore includes factors that demonstrate favorable and unfavorable outcomes.
As evidence for discriminate validity, the significant differences in performance levels were only present for experience differences in laparoscopic cases and not for open or robotic as shown in Table 1 . This demonstrates that performance correlates with factors that we expect to correlate in that we would expect a person's experience in open or robotic procedures to not show significant difference between groups because these skills were not demonstrated by completing the laparoscopic pyeloplasty procedure on the model. Limitations for construct validity in this study include low subject numbers, variation in experience level within the more experienced group, and minor differences in material used during the 2011 and 2012 courses.
The integration of objective means of assessment into the simulation models as required by the AUA LRNST committee was addressed in our model design through the use of BLAST. Current methods used in evaluating surgical technique involve subjective ratings that are inadequate because of their inability to objectively quantify technical skill. Our method allows for post-task quantification of relative alignment of approximated edges at the anastomosis, giving objective feedback to the user or evaluator. The assessment lines used in BLAST are present conditionally, eliminating the possibility that the user could reference them to benefit his or her performance, making it feasible to use BLAST in a testing situation. In addition, the applications of BLAST are not limited to the pyeloplasty procedure.
This type of objective assessment can be applied to any reconstructive procedure where analysis of alignment is needed at the tissue level. Although this model was studied for application to laparoscopic pyeloplasty techniques, it can also be used for training in open or robotic pyeloplasty techniques. The holder provides flexibility in that the model can be positioned in a setting conducive for training in open or robotic pyeloplasty.
The objective means of assessment at the tissue level are especially important in the context of advanced laparoscopic skills. In simulation models used for training and assessment of basic laparoscopic skills such as those used in FLS and BLUS, each model is representative of one task with clearly defined metrics and errors. In contrast, models used in advanced laparoscopic skills represent entire anatomic structures and require the user to perform multiple skills on the same area of tissue. Therefore, analysis of individual deconstructed tasks is challenging because of the difficulty in creating markers for identifying and then objectively quantifying each individually.
To address this issue, we suggest it may be most beneficial to use post-task evaluation of outcomes at the tissue level for simulated advanced laparoscopic skills. Outcomes at the tissue level are ultimately what impact the patient, and final outcomes are independent of variation in technical methodologies or style discrepancies between surgeons.
Conclusions
Our novel simulation model for training of laparoscopic pyeloplasty is acceptable and shows preliminary evidence of face, content, and construct validity. This study demonstrates the value of high-fidelity training models with incorporated objective means of assessment. Continued development of novel methods for objective quantification of surgical skill in the simulation environment is essential to properly train and assess advanced laparoscopic skills. This type of innovation is needed to provide resources to effectively train and assess minimally invasive skills as new surgical technologies become available.
